Introduction
Myosin heavy chain protein is one of the main components of the muscle tissue. It is a hexameric protein composed of two myosin heavy chain and four myosin light chain proteins. The muscle myosin heavy chain gene has been cloned and sequenced from many different organisms (see, for review, Bernstein, 1987, Bernstein et al., 1993) . Comparisons of MHC sequences have contributed towards defining important regulatory, structural and functional domains of these proteins.
In Drosophila melunoguster, there exists one mMHC gene located on chromosome 2, region 36B (Bernstein et al., 1983, Rozek and Davidson, 1983) . This gene was completely sequenced (size: 21.8 kb) and contains 30 exons (George et al., 1989) . The D. melunoguster mMHC gene (Fig. 1) has the potential for the synthesis of mRNA molecules of three different size classes, 6.1, 6.6 and 7.1 kb. These three size classes are caused by the * Corresponding author, Tel.: 080 652931; Fax: 080 653390. use of two different polyadenylation sites downstream of the last exon (no. 19) together with the inclusion or exclusion of exon 18. In addition, these transcripts can contain five other alternatively spliced exons (3a/b; 7aJbicld; 9afblc; 1 la/b/c/d/e; l&/b) which all together have theoretically the potential to yield as many as 480 different mMHC transcripts. The alternatively spliced mMHC mRNA molecules appear stage-and tissuespecifically, as was demonstrated by Northern blot analysis and transcript in situ hybridization on larvae, pupae or whole fly cross sections (Bernstein et al., 1983; Rozek and Davidson, 1983; Bernstein et al., 1986; Rozek and Davidson, 1986; George et al., 1989; Kazzaz and Rozek, 1989; Hastings and Emerson, 1991; Hess and Bernstein, 1991; Kronert et al., 1991) . At present, the splicing of several alternative exons is a topic of intensive study (Collier et al., 1990 , Kronert et al., 1991 Hess and Bernstein, 1991; Hodges and Bernstein, 1992) . To investigate the function of the various mMHC isoforms, several mMHC mutants affecting the muscles have been generated and some are molecularly characterized (Mogami et al., 1986; O'Donnell and Bernstein, 1988;  0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserved SSDI 0925-4773(95)00356-6 K. Miedema et al. /Mechanisms of Development 51 (1995) I I and 15 are alternatively spliced, marked by a, b, etc. above the drawing and by extended bars. Exon 18 (cross striped) is differentially spliced. See also Fig. 3 in George et al. (1989) and Fig. 1 (D. hydei mMHC gene) in Miedema et al. (1994) . The translated XDmK2-30 cDNA insert (1.2 kb) encodes amino acids residues 1455-1838 of the D. melanogaster LMM tail fragment. Chun and Falkenthal, 1988, O'Donnell et al., 1989; Collier et al., 1990; Kronert et al., 1991; 1994; Cripps et al., 1994a) . Recently, a number of mMHC mutants were rescued with the entire D. melanogaster mMHC gene (Cripps et al., 1994b) . While studying spermatogenesis in D. hydei and D. melanogaster with the aid of an antiserum against a D. hydei testis protein of M, 155 000, we found evidence for the existence of a novel mMHC isoform, minormyosin, which is synthesized in testis tissue. Recently, we have cloned and completely sequenced the single copy D. hydei mMHC gene . Sequence alignments showed within intron 12, located between exons 12 and 13, a region of high similarity which could be aligned to the Drosophila consensus for transcription start sites .
In this paper, we demonstrate (by Northern blot, primer extension and Sl mapping experiments together with sequencing of 5' cDNAs) the initiation of this novel mMHC isoform within the conserved region in intron 12. Western blot, Northern blot and 3' cDNA analyses confirmed that minor-myosin has a common mMHC tail, but it does not contain an ordinary mMHC head domain. By using male germ line mutants, we show that minor-myosin is expressed in the male germ cells. Both Western blot and Northern blot data indicate the presence of the normal muscle myosin heavy chain isoform (M, 200 000) in the testes as well. The immunoelectron microscopy (EM) technique demonstrated the localization of mMHC molecules within the mitochondrial derivatives of developing spermatids.
Results

2.1.
Immunoscreen of a hgtll cDNA expression library with K2 antiserum yields DNA sequences that encode Drosophila muscle myosin To obtain genes encoding proteins which are involved in male germ line development of Drosophila, a polyclonal antiserum (K2) was raised against a D. hydei testis protein of M, 155 000. To identify the gene encoding the protein recognized by the K2 antiserum, we screened a cDNA expression library of D. melanogaster flies with this antiserum. The screen yielded two clones, XDmK2-30 and XDmK2-36. Sequencing data showed that the insert of hDmK2-30 and hDmK2-36 was identical to a part of the D. melanogaster mMHC gene (George et al., 1989) . The alignment at both nucleotide and amino acid level demonstrates that the identity is confined to exons 16 and 17 encoding amino acids 1455-1838 of the LMM tail from the mMHC protein (Fig. 1 (Fig. 2) . The tp 155 is an abundant testis protein, which is hard to detect in the carcasses or thoraces. A M, 155 000 carcass (or thorax) protein is only detectable if one overloads the gel considerably (unpublished results). The M, 200 000 protein fraction appears clearly in both testis and carcass protein ('cp') extracts ( Fig. 2A) . In order to establish the relationship between the K2 antiserum and the mMHC cDNA fragment, the K2 antiserum was affmity purified with the fusion protein .
The affinity purified K2 antiserum recognizes the same proteins as the original K2 antiserum does ( Fig.  2A) . This confirms the relationship between F&2-30 and the K2 antiserum. The control affinity purification of K2 antiserum with &galactosidase only shows no signal at the level of tp 155, tp 200 and cp 200 (not shown). This indicates that the myosin protein part of F&2-30 is responsible for the signals at the level of tp 155 and tp 200 ( Fig. 2A) .
To confirm the results of the affinity purification experiments, a new polyclonal antiserum was raised against fusion protein F,K2-30. This anti-F,K2-30 hybridized with mMHC gene fragments. Probes: e2-8, Dm 5' testis cDNA MTM2-8 exons 2 to 8; e10, Dm exon 10; e12, Dm exon 12; e14, Dh exon 14; el6, Dh exon 16; e17, Dh exon 17; el6-17, cDNA DmK2-30. Note the absence of signal in the 45kb region with the 'head' probes e2-8, el0 and e12 (see Fig. 1 ). The differentially spliced exon 18 (Fig. I ) does not hybridize with testis RNA. A small arrow indicates the 6.1-kb mMHC transcript. The 7.1-kb mRNA is detectable in male-carcass (c) and female fly (w) RNA above the 6.6kb signal. The carcass and female fly results are comparable with the data for D. melanogaster Rozek and Davidson, 1986; George et al., 1989 (Miedema, 1994) . bathe probes are described in Fig. 3 and in Experimental procedures. 'All listed RNA sizes are in kb. nd: not done. -: no signal.
antiserum reacts in a way similar to the original K2 and affinity purified K2 antiserum ( Fig. 2A) .
A strong support of our immunological data was obtained with a monoclonal antibody against mMHC protein of D. melanogaster.
It is shown in Fig. 2A that the monoclonal anti-mMHC antiserum recognizes proteins with the same mobility as are recognized by the other sera.
To confirm unambiguously the identity of tp 155 and tp 200 as myosin isoforms, the tp 155, tp 200, cp 200 of D. hydei and the fusion protein F,K2-30 (containing a 383 amino acids myosin LMM tail fragment) were compared by peptide mapping with different enzymes (Cleveland et al., 1977; Hames, 1981) . A digestion with chymotrypsin for F, tp 155 and cp 200 (Fig. 2B) shows peptide fragments with an identical mobility and antigenicity. The similarity of tp 200 and tp 155 for several partial protein fragments was also demonstrated after partial digestion with Staphylococcus aureus V8 protease and chymotrypsin (not shown; see Miedema, 1994) .
Furthermore, we performed extensive controls to show the specificity of our antisera reactions. (i) Preimmune sera of K2 and anti-F,K2-30 ( (Kiehart and Feghali, 1986) showed a pattern on testis proteins which is clearly different from the mMHC anti-F,KZ30 antiserum, see Fig. 2D . A cytoplasmic MHC protein of M, 210 000 is present in the testis. Tp 155 cannot be detected with this serum. Our data on carcass proteins exactly fit with the data presented by Kiehart and Feghali (1986) . Miedema et al., 1994) . The several oligo's used to obtain the primer extension product (oligo il2-2, pos. 16470 until TaqI at pos. 16790) and the Sl genomic fragment (oligo il2-I, pos. 16301 until oligo 13, pos. 16930) are underlined. The 5' cDNA (Dh5Sl4) starts 11 nt downstream (oligo 12-2, pos. 16470) of the most 5' transcription start site and ends at position 17443 (oligo 14-l. underlined) in exon 14. Note that RT-PCR, to isolate cDNA Dh5Sl4, was done with two exon I4 oligos. The first strand was made with oligo 14-2 (underlined, pos. 17570) and subsequent PCR with internal oligo 14-l. The sequence numbers need to be shifted one line down from position 16101. (Fig.  2E) . It appeared that the size and amount of the large mMHC isoform is nearly the same, but the minorisoform varies slightly in size and amount among the different Drosophila species.
The minor-myosin transcript initiates within intron 12 located between exons 12 and 13
To learn more about the molecular composition of the minor-myosin mMHC isoform, we performed both nucleic acid and immunological analyses. Different mMHC exon and intron probes were used on Northern blots with testes, male-carcass, female fly, ovary and embryonic RNA of D. hydei ( Fig. 3A and B) . Table 1 summarizes the Northern blot results. Most striking are the differences between 5 ' and 3 ' probes obtained with testes RNA (Fig. 3A) . Hybridizations with 3 ' probes (exon 14 and downstream) display two novel transcript size classes, 4.5 and 4.2 kb, which are not present with 5 ' probes (exon 12 and upstream).
These results were confirmed at the protein level with the aid of an antiserum against a part of the myosin S-l head domain (see Fig. 1 ). Comparison of both the 3' anti-F&2-30 antiserum (Fig. 2) and the 5' anti-F,MTM2-8 antiserum (Fig. 4) clearly demonstrates that also at the protein level minor-myosin does not contain an ordinary myosin head domain.
The absence of 5 ' exons (up to exon 12) and the presence of exon 14 in the 4.5-kb mMHC transcript initiated us to investigate the possibility of an internal initiation of the smaller mMHC transcript. Within intron 12 (between exons 12 and 13), several regions with sequence similarities were found . We investigated the significance of those alignments by Northern blot hybridizations with an intron 12 probe, primer extension and Sl mapping experiments. In addition, we performed sequence analyses of 5 ' cDNAs.
As shown in Fig. 3B , the intron 12 probe (int 12) detects only the 4.5 kb (and 4.2 kb) transcripts (see Table 1 ). The signal is the strongest in testis tissue and is absent in ovaries (Fig. 3B) and embryos (not shown, see Table 1 ). Interestingly, the smaller mMHC transcripts are also present in male and female flies as is evident from the hybridization results shown in Fig. 3B . The same RNA blot was hybridized with the 3 ' cDNA (e16-17) which revealed a similar pattern at the 4.5 kb level. The need of overexposures explains why previously investigators overlooked the presence of smaller mMHC transcripts.
Primer extension with the aid of an intron 12 primer (not shown) demonstrated three possible transcription start sites at the 5 ' end of the conserved intron 12 sequence region between D. hydei and D. melanogaster (Fig. 5) . Sequence analysis of the testis primer extension product showed the expected intron 12 region (Fig. 5) . S 1 mapping confirmed the primer extension experiments (not shown).
With the aid of mMHC exon-specific primers, we isolated a 5 ' cDNA by RT-PCR on D. hydei testis RNA (Dh5S14, 0.7 kb). The cDNA sequence contains 418 nt of intron 12, exon 13 and a part of exon 14 (Fig. 5) . Exons 13 and 14 were correctly spliced. This result confirms the results of the exon 14 Northern blot hybridization (Fig. 3A) .
Screening a D. hydei testis poly(A)+ cDNA library yielded several truncated cDNA clones covering exons 19, 17, and part of 16. The testis mMHC cDNA clones show no inclusion of exon 18, which corresponds with Dh dHC ADEKKAKKTKKAAEAAPADAA--AAPEEATAEPPTASAEPASAEPSVEPTP QAAAAQETAAPIEISSFSNPINASNDLQ 78 Dm WC l ~B***~***~STISTTPSITEE***A**APPAE l *E*A*QPESTA***PONPQP*D*LSSGNNP---***Se****** 77 Dm MLC-2 .*~*.KV*K~.TK~EGGTSETASE*AS*~ATPA*A.TPAI--*ASATGSKRASGGSRGS 60 Mm MLClV a-P**PEP-•*DDAK*A*PK*APP*AAPA*AAAA*PEPE 39 RnMLC-20 SS-•***TKTTKKRPQR*TSNVF 23
Gg MLC-1 --Press-----RR.rEG!fjSNVF 17 Gg MLC-2 --P*+DV--*.P*A**APAP*PAP**APA-PAK 29 Hs MLClSA -PP**DVPV**P*GPSISKP*AKP*AAG*PPAK 33 the absence of signal on Northern blot hybridized with exon 18. One of the cDNA clones included the 3 ' untranslated region until the first polyadenylation site .
The N-terminus of minor-myosin displays similarity with the N-terminal sequences of myosin light chains
Previously, we noticed the existence of a small open reading frame (ORF) in intron 12, which is in frame with exon 13 in both D. hydei and D. melanogaster . Further amino acid alignment studies revealed several interesting features. The comparison of D. hydei and D. melanogaster ORF in intron 12 showed a high degree of amino acid identity at Nand C-terminus (Fig. 6) as was already evident from nucleotide alignments . The middle part of the ORF is much less conserved, but 110th sequences show a high number of alanine and proline residues. Screening the protein data library provided an interesting similarity with the N-terminal sequences of the Myosin Light Chains (MLC) from various species (Fig. 6) . At nucleotide level, no significant similarities could be observed.
Minor-myosin is a constituent of male germ cells
Analysis of the expression of the mMHC gene in germ cells of the testis is complicated by the structure of the tissue. The testis of Drosophila is a coiled tube with a somatic cell wall surrounding the germ cells. It is clear from ultrastructural studies that the somatic wall contains a layer of smooth muscle (Tokuyasu et al., 1972; Lindsley and Tokuyasu, 1980; Grond, 1984 , Miedema, 1994 .
We applied several approaches to address the question whether either both minor-myosin and the normal mMHC isoform or only one of them are constituents of the male germ cells or of the (somatic) testis wall.
Western blots with a male sterile mutant of D. hydei, ms(3)_5, showed that in the absence of meiotic divisions and post-meiotic germ cell stages (Hackstein et al., 1987; , only a low expression of both myosin protein types is observed in testes (Fig. 7) . Western blot analysis of D. melanogaster germ line mutant oskar3't (these mutants do have small testes, but no germ cells; Lehmann and Niisslein-Volhard, 1986; Giinczy et al., 1992) showed the expression of tp 200 comparable to wild-type. However, minor-myosin is hardly detectable Pc3' and must, therefore, preferentially be present in the germ cells (Fig. 7) . We investigated the testis mMHC protein expression level of several mMHC mutants (Mhc', Mhc6, Mhc ' and Mhc"; O'Donnell and Bernstein, 1988; Cripps et al., 1994b; Homyk and Emerson, 1988; Chun and Falkenthal, 1988; O'Donnell et al., 1989; Kronert et al., 1991; Collier et al., 1990) . In all mutants, the testis mMHC protein expression level (both types) is not affected. This indicates that these particular mutants do not help in analysis of the function of mMHC isoforms within the testis (see, for detailed discussion, Miedema, 1994) .
Immune-electron microscopy showed mh4HC molecules within developing spermatids
The polyclonal K2 antiserum (Fig. 8) and the myosinfusion protein (F,K2-30) affinity purified K2 antiserum (not shown) were used on germ cell sections of D. hydei. stages Pm IV-VII (see Hennig and Kremer, 1990 for an description of the postmeiotic stages). A longitudinal section is visualized in Fig. 8F . In all stages label is clearly present. Initially, label can be found in mitochondria, which start to fuse, as well as in the surrounding cytoplasm (Fig. 8A) . Later in Pm VI, when paracrystalline material is deposited, label is clearly visible in the amorphous material surrounding the paracrystalline material ( Fig. 8B and E-F) . A low amount of label is seen on the paracrystalline material. In general, the labeling decreases in the amorphous material when the paracrystalline material accumulates.
Although not all stages were examined, the anti-F,K2-30 muscle myosin antiserum confirmed the data obtained with the K2 antiserum. Label is seen in Pm VI and VII when the paracrystalline material begins to form ( Fig. 8C and D) . As with the K2 serum in later spermatid stages the amount of label decreases. Western blot data showed that this serum, like the K2 serum, cross reacts with the two mMHC testis proteins (Fig. 2) . Therefore, on sections we cannot discriminate between these proteins.
Like with the Western blots, a number of 'control incubations' were done. (i) Preimmune sera do not show any signal on sections. (ii) The same holds true with the IO-nm gold labeled GAR secondary antibody. (iii) mMHC unrelated antisera like the anti-F,,MTMZSrev (see Fig. 2 ), anti-01 tubulin and several anti-laminin B2 antisera do not show gold label within the mitochondrial derivatives of the developing spermatids (Miedema, 1994; Wang et al., 1992) . ( (vi) As expected, both polyclonal K2 and 3 ' mMHC sera label the muscle cell layer of the somatic wall of the testis (Miedema, 1994) .
Although we cannot yet discriminate between both mMHC isofonns on sections with the developing spermatids of D. hydei, it is clear from the use of male germ line mutants that at least the smaller 'minor-myosin' mMHC isoform must be present in postmeiotic germ cells.
Discussion
Different antisera against muscle myosin demonstrate mMHC gene expression in the testis of Drosophila
The Western blot results (Fig. 2) indicate the existence of two mMHC isoforms in the testis. However, working with antibodies includes the danger of cross reaction with unrelated proteins (Nigg, 1988; Nigg et al., 1982) . Therefore, we used different myosin antisera and performed many controls to prove the specificity of the immuno reactions on both Western blots and male germ cells. In this context, it is interesting to note that the monoclonal anti-mMHC anti-serum neither cross reacts with the 3 ' fusion protein F&2-30 nor with the 5 ' fusion protein F, MTM2-8 (unpublished results). This indicates that the epitope for this antibody is confined to be located within amino acid position 465 and 1454, although we cannot exclude that the epitope is part of the carboxy terminus of the mMHC molecule (downstream of position 1838). Furthermore, the cytoplasmic MHC antiserum appeared as an important control (Fig. 2D) . Kiehart and Feghali (1986) showed that only a limited cross reactivity exists between an antimuscle MHC antiserum and cytoplasmic MHC proteins, which was confirmed at the nucleic acid level (the cytoplasmic MHC gene is located on another chromosome, position 60EF; Kiehart et al., 1989) . Inversely, both Kiehart and Feghali (1986) and Berrios et al. (1991) showed that the anti-cytoplasmic MHC antiserum has only a weak cross reactivity with extracted muscle myosin from Drosophila. The anti-cytoplasmic MHC anti serum detects clearly a protein fraction of M, 210 000 in testis, but no reaction is observed at M, 155 000 level.
All observations led us to the conclusion that two different mMHC proteins are present in the testis of D. hydei and several other Drosophila species.
Minor-myosin is a novel Drosophila mMHC isoform
The new mMHC isoform has a number of interesting features regarding its structure and expression. It does not contain a normal myosin head but, presumably, a novel small head connected to an ordinary mMHC tail domain encoded by the exons 13 to 19. Based on the current classification of the myosin super-family, minormyosin must be classified as Myosin VIII (Cheney and Mooseker, 1992; Cheney et al., 1993; Titus, 1993) .
The putative N-terminus of the D. hydei minormyosin has a limited similarity with the D. melanogaster homologue, which is in sharp contrast to the other exons of the mMHC genes of both species . The putative N-terminus displays a remarkable similarity with the N-terminal sequences of certain Myosin Light Chains; in particular, with 11 residues at the N-terminus (Fig. 6 ). These N-terminal residues of the MLC were shown to be responsible for actin binding (Hayashibara and Miyanishi, 1994) . It seems likely, therefore, that the N-terminus of minor-myosin can interact with actin; in muscles it could hold the actin filament together. This does not exclude the possibility that the minor-myosin molecule can also be the part of the thick filaments. The presence of threonine and serine residues, often at conserved positions between D. hydei and D. melanogaster, could indicate that the minormyosin terminus has the potential for phosphorylation of Development 51 (1995) 67-81 11 ( Fig. 6) . is
Experimental procedures
Fly stocks
The The D. melanogaster mMHC mutants Mhc', Mhc6, Mhc' and Mhc" were kindly provided by Dr. S. Bernstein.
Preparation of testes, carcasses, thoraces, and bacterial proteins
Testis pairs (2-5 from Dh; 16-40 from Dm for one lane) were dissected and collected in bidistilled water or testis isolation medium (Hennig, 1967) on ice. The remaining carcasses were also dropped in ice cold bidistilled water or testis isolation medium. One to three carcasses or thoraces (head, legs, abdomen and wings are removed) are loaded on one lane. Samples were prepared for loading according to Laemmli (1970) with minor modifications (Miedema, 1994) . As protease inhibitors, we used PMSF (1 mM) and leupeptin (Boehringer Mannheim) 1 &ml in testis isolation medium and SDS-sample buffer.
Agtll wild-type, XDmK2-30, hDmMTM2-8 and XDmMTMZ8rev lysogens in the Escherichia coli Y 1089 strain were induced with IPTG by standard methods (Huynh et al., 1985) and bacterial proteins were extracted by solubilization of bacteria in sample buffer for 5 min at 100°C. Samples were prepared for loading as before.
Polyacrylamide gel electrophoresis and Western blotting
Protein samples were electrophoresed using linear 6% or 8% SDS-PAA gels according to Laemmli ( 1970) . Gels were stained in 0.1% Coomassie Brilliant Blue (CBB) R-250 (50% methanoYlO% acetic acid) overnight or blotted directly. Protein molecular weight standards were from Boehringer Mannheim.
The SDS-PAA protein gels were transferred according to the instructions of the manufacturers to Immobilon PVDF (Millipore Inc., USA) membrane. Transfer of proteins to PVDF membranes was performed in a semi-dry blot apparatus (Phase) at 300 mA in Tris-Glycine blot-buffer without methanol for 1 h (Towbin et al., 1979) . Western blots were blocked in 5% B&A/PBS (or 2.5% BSA, 2.5% milkpowder/PBS) (PBS: 0.137 M NaCl, 0.003 M KCl, 0.0015 M KH2P04, 0.007 M NazHP04 . 2 HzO, pH 7.4) for 1 h at 37°C air dried and stored at 4°C (Giiltekin and Heermann, 1988) or washed in 0.1% BSAPBS 3 x 5 min and incubated in first antibody solution at 4°C or at room temperature (see below). Marker lanes were stained directly after blotting in 0.01% amidoblack (50% methanol/lO% acetic acid).
Preparation of antisera, antibody reactions and affinity purification
The polyclonal K2 antiserum was raised in a rabbit against a D. hydei testis protein fraction of M, 155 000 as described below (previously designated as sph 155 in Hulsebos et al., 1983; 1984) . The polyclonal anti-F,KZ 30, anti-F,MTMZ8
and anti-FpMTM2-8rev antisera were raised in rabbits against the fusion proteins (Fp) F&2-30, F,MTM2-8 and FrMTMZ-8rev. Immunization of rabbits was done with fusion protein emulsified with complete Freund adjuvant (Harlow and Lane, 1988) . The polyclonal antisera were used for immunoblotting after affinity purification with Xgtl 1 wildtype proteins on PVDF membranes. Preimmune serum was taken from the rabbits before immunization and used as a control for Western blot experiments.
The monoclonal anti-mMHC, the polyclonal anticytoplasmic MHC and the anti-61 tubulin antisera were kindly provided, respectively by Drs. M.L. Pardue, D.P. Kiehart and R. Renkawitz-Pohl. K2 antiserum was diluted 1:2000 in PBS/l% B&A/0.05% Tween 80 and used for immunoscreening a cDNA library and Western blots. Monoclonal antimMHC antiserum was diluted 1:2000, polyclonals anticytoplasmic MHC 1: 1000, anti-Fp K2-30 1: 3000-4000, anti-FpMTM2-8, anti-FpMTM2-8rev 1: 1000 and preimmune serum 1: 1000 for Western blot analysis. Secondary anti-rabbit and anti-mouse antibodies were diluted 1:5000. Incubations were performed for l-2 h at room temperature or overnight at 4°C. Rabbit and mouse antibodies were detected by reaction with antirabbit or anti-mouse IgG alkaline phosphatase conjugates (Jackson ImmunoResearch) and the substrates NBT and BCIP.
Western blots with fusion protein (F,K2-30), flgalactosidase or D. hydei carcass protein (cp 200) were incubated with K2 antiserum (1:2000, overnight at 4°C). A small part of the protein blot was stained with amidoblack to localize the fusion, P-galactosidase or carcass protein fraction and used as reference to cut out the relevant protein fractions (F&2-30, M, 145 000; Pgalactosidase, M, 114 000; carcass protein, M, 200 000). Antibodies were eluted 3 x 5 min in 100 mM glycine pH 2.6 (Lewis et al., 1986) , neutralized and diluted four times (final volume 2.5 ml) in PBS. Testis and carcass protein lanes were incubated with affinity purified sera overnight at 4°C. The blots were developed for 30 min.
Depletion of anti-F,KZ30 antiserum was done by several incubations with D. hydei mMHC cp 200 protein strips.
Peptide mapping
Peptide mapping was done according to Cleveland et al. (1977) and Hames (1981) . D. hydei proteins of testes (200) remaining carcasses (100) or D. mefanogaster F,K2-30 (prepared as described above on a preparative scale) were loaded on a preparative 6% SDS-PAA gel. Proteins were visualized by incubation in 0.1% CBB R-250, not longer than 30 min. Destaining (5% methanol/10% acetic acid) was less than 1 h. After a short rinse in bidistilled water, the bands (tp 200, tp 155, cp 200 or F&2-30) were cut from the gel and the protein was electro-eluted in 3-4 ml SDS/Tris/Glycine electrophoresis buffer for 6 h in a dialysis bag (Whitfield et al., 1988) . Eluted proteins were dialyzed against bidistilled water for several hours, frozen in liquid nitrogen and lyophilized overnight. The powder was dissolved in 50 ~1 (tp 2OO/tp155) or 100 ~1 (F,K2-30/cp 200) sterile bidistilled water. Samples were taken, loaded on a SDS-PAA gel, blotted and antibody reactions were performed to check the quality and purity of the eluted proteins. Limited digestions with Staphylococcus aureus V8 protease and chymotrypsin & (Boehringer Mannheim) were performed for 1 h at 37°C with lo-20 ~1 tp 200, tp 155, F,K2-30 or 5 ~1 cp 200 and 0.1-1.0 mg/ml enzyme. Digested protein samples were boiled for 5 min and loaded on a 5-18% SDS-PAA gradient gel. After runing, proteins in the gel were blotted to PVDF and antibody reactions were performed as described above.
Screening of cDNA libraries
Immunological screening of a Xgtl 1 cDNA library of D. melanogaster flies (kindly provided by Dr. H. Saumweber) was accomplished with minor modifications as previously described (Huynh et al., 1985; Mierendorf et al., 1987; Miedema, 1994) .
Testis poly(A)+-cDNA libraries of D. hydei, constructed in our laboratory in AZAPII, were screened according to the protocols of Stratagene (Stratagene, USA) with DmK2-30 labeled insert (Miedema, 1994) .
Recombinant DNA analysis
Almost all recombinant DNA work was done according to the protocols of Sambrook et al. (1989) . Recombinant pBluescript II SK* clones were obtained by in vivo excision out of hZAPI1 according to the protocols of Stratagene.
RNA isolation and Northern blot analysis
Total RNA was prepared from testis and carcass tissue of D. melanogaster by the hot phenol method (Jowett, 1986) . Total RNA from testes, male-carcass, male fly, female-carcass, female fly, ovary and embryos (O-18 h) of D. hydei was prepared by guanidiniumthiocyanate lysis; poly (A)+-RNA from testis and carcass tissue of D. hydei was prepared by guanidiniumthiocyanate lysis and an oligo(dT)-cellulose column extraction (quick RNA prep kit, Pharmacia; Chirgwin et al., 1979) . Approximately 20 rg of total RNA or 1 pg poly(A)+-RNA was electrophoresed on 1 -1.2% agarose-formaldehyde gels and transferred to Hybond nylon. Northern blots were hybridized in 0.5 M phosphate buffer, 7% SDS, 1 mM EDTA, 1% BSA, overnight at 65-68°C (Church and Gilbert, 1984) . Membranes were washed 5 min, 30 min, 2 x 60 min in 0.3 M phosphate buffer, 1% SDS at 65-68°C.
The following DNA fragments were used as probes: intron 12 ( (the genomic sequences are italicized; see George et al., 1989) .
We used the following D. hydei mMHC oligos: The oligos i12-1 and i12-2 correspond to intron 12 sequences. Note that the oligos i12-2, 13, 14-1 and 14-2 can be used in both species. (The genomic sequences are italicized, see accession number X77570 DHMMHC).
PCR amplification of genomic DNA and RT-PCR of total testis RNA was performed as described by (Frohman, 1990 and Kawasaki, 1990 ) with minor modifications (Miedema, 1994) . RT-PCR and PCR products were checked by sequence analysis.
Primer extension and SI mapping
The primer extension and Sl mapping assays were carried out basically as described by Sambrook et al. (1989) .
Il. Immunogold electron microscopy techniques
Testes of D. hydei and D. melanogaster (l-7 days old) were isolated in testis isolation medium (Hennig, 1967) , washed in PBS and fixed in 2% glutaraldehyde or 3% paraformaldehyde or a 2% mixture of both in PBS overnight on ice. After dehydration with ethanol (20%, 50%, 70%, 95%, 2x looO/o; each step at least 30 min at -18"C), the testes were infiltrated with Lowicryl K4M (Roth) according to the user's protocol, transferred in gelatine cups and infiltrated with Lowicryl K4M overnight at -18°C. The resin was polymerized by UV irradiation in a box, covered with aluminium foil, for 72 h at -18°C and 48 h at room temperature. After removing the gelatine cups and trimming the blocks, ultrathin sections were made on a LKB 8800 Ultrotom and collected on formvar-coated nickel grids (200 mesh).
For the immunological detection of antigens, all steps of the procedure were carried out on a 30 ~1 drop of the respective solution. First antibody incubations were done for 1 h in a moist chamber after floating the grids for 5 min on PBS and PBS1 (PBS + 1% BSA + 0.1% Tween 20). After 2 steps PBS1 and 2 steps PBS2 (PBS + 0.1% BSA + 0.1% Tween 20), each for 10 min, the second antibody reaction (10 nm gold labeled goatanti-rabbit IgG, Amersham), diluted 1: 10 in PBS2 was done for 1 h in a moist chamber. Grids were rinsed with PBSZ, floated 2 x 10 min on PBS2 and 3 x 5 min on bidistilled water.
The tissues were contrasted with uranyl acetate (2% in bidistilled water) for 4-10 min, rinsed with bidistilled water and contrasted with lead citrat (1: 1 in bidistilled water) for 45-120 s. After a last rinsing with bidistilled water for 15 s and drying they were studied in a Philips EM 201.
Computer sequence analysis
Sequences were analyzed using the sequence analysis programs of the Genetics Computer Group, University of Wisconsin (Devereux et al., 1987) .
